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INTRODUCTION 
Although complete physical separation and chemical analysis are the only fully 
reliable predictors of lean yield, most carcass studies indicate that lean cut percentage is a 
practical endpoint to choose when attempting to predict meatiness (Anderson and Wahlstrom, 
1969; Carpenter et al., 1962; Fredeen et al., 1964; Gresham, 1994; Hazel and Kline, 1959; 
Isler and Swinger, 1968; L~sley, Hazel and Kline, 1956; Meersman, 1982; Omtvedt et al., 
1967; Pearson et al., 1958; Price et al., 1960; Zobrisky et al., 1960). Precise estimates of 
trimmed four lean cut weight and fat standardized lean content are of interest to both 
processors and to breeders involved in genetic improvement programs (NPPC 1983, 
Bereskin, 1984; Grisdale et al., 1984a). Researchers are also concerned with precise 
measurements of carcass fat, protein, and bone (Cordray et al., 1978). According to Stouffer 
(1990), real-time ultrasound offers the potential ~or providing accurate information for the 
application of value-based marketing of meat animals. Swine producers have become 
increasingly concerned about carcass traits as the livestock industry has advanced toward 
lean-yield marketing (Ragland, 1996). There have been numerous studies on relating live 
measurements of the longissimus muscle to carcass lean. On the contrary, the ham has 
I 
received considerably less attention in live and carcass evaluation. 
The primary objective of this study was to compare ultrasonic measurements of the 
longissimus dorsi and the biceps femoris taken on a live hog to ham composition. The 
secondary objective was to compare the predictive characteristics of two measurement 
systems (Fat-O-Meter® and post mortem carcass measurements) on ham composition. 
2 
Differences between genetic type, diet program, off test weight, replication, sex, slaughter 
date, and halothane status were evaluated. Models were developed to incorporate ham scan 
data with loin scan data to estimate ham composition on a live hog. 
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Thesis Organization 
This thesis is presented as a general introduction, a literature review, a paper, and a 
general summary. References cited in the general introduction and literature review come 
after the general summary section. All reference citations are in compliance with the CBE 
Style Manual used by the Journal of Animal Science to which this paper may be submitted. 
The paper consists of an abstract, introduction, materials and methods, results and discussion, 
and an implication section. References cited within the paper are listed after the implication~ 
section. 
4 
LITERATURE REVIEW 
This literature review covers four areas that are of significance to the subject matter of 
this thesis. The first segment explains the development of live hog composition evaluation 
and how it relates to actual carcass measurements. The second portion presents information 
on how ultrasonography influences live carcass evaluation of swine. The third provides 
examples of technique comparisons and the fourth topic provides background information on 
lean growth modeling. 
Live Animal Evaluation 
Hankins and Ellis (1934) found a correlation coefficient of .84 between average 
backfat thickness measurements (obtained at five specific locations) and fat content. Hinner 
and Hankins (1939) studied variation in ham conformation and noted that variation was due 
to a combination of factors with fat content of ham being the primary factor. • 
Davidson, et al. (1936) devised a system for judging pork carcasses. Thickness of eye 
muscle of loin at the last rib was used as an indication of the relative amount of lean meat 
throughout the carcass. They concluded this to be a good index of carcass development 
because this part of the carcass develops last during the growth of the animal. 
Warner, et al. (1934) studied relationships between the yield of fat in the edible 
portion of the carcass. Their results revealed that the combined trimmed weight of the fat, 
backfat and belly expressed as a percentage of the entire cold carcass gave a relatively good 
indication of the fat in the edible portion of the carcass. 
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In ( 1946) Hankins and Ellis published work that found the percentage of separable 
lean in carcasses decreased from 41 to 36 percent as pigs increased from 150 to 250 pounds, 
respectively. 
Aunan and Winters ( 1949) also found average backfat thickness to be associated with 
the fat and the lean content of the carcass. A ham index, however, did not show a significant 
relationship with the lean or the fat content of the ham. Uniformity of backfat thickness did 
not have any significant relationship with the lean content of carcass or the yield of the primal 
cuts. They also observed that the live weight divided by average thickness o~ backfat is_ a. 
factor which is easily obtained by simple carcass evaluation and can be used for an index of 
carcass evaluation. 
Brown, et al. ( 1951) measured specific gravity of swine carcasses and found high 
correlations between this factor and lean cut percentage, fat cut percentage and backfat 
thickness. 
Aunan and L.M. Winters (1951) worked with 70 swine carcasses that. ranged in cold 
carcass weight from 122 to 254 pounds. The objective of their study was to extract samples 
at various locations throughout the carcass and estimate the fat and lean content of the swine 
carcass using a carcass coring device. The 5-6 rib sample of the belly had the highest 
association with lean content of carcass with a +.79 correlation when carcass weight was not 
held constant. Correlation coefficients were taken for the percent primal cuts and for the fat 
content but neither was as high as the 5-6 rib sample was for lean content. The combination 
of several samples didn't improve predictable lean content. They also established that a high 
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degree of association exists between lean content of the core samples and percentage of five 
primal cuts. 
In the 1950s, research began to incorporate procedures to measure fatness on the live 
pig. Early studies involving live measurements for predicting lean cut yield in hogs lacked 
precision if only live backfat measurements were used. Hetzer et al. (1950) took eight 
different measurements on live hogs and the relationship to carcass measurements were very 
low and had little use for predicting meatiness. 
In 1952 a Hazel and Kline revealed more encouraging results. Measurements of 
backfat were obtained on 96 pigs fed in Record of Performance trials at the Iowa Agricultural 
Experiment Station in cooperation with the Regional Swine Breeding Laboratory during 
1950-51. They described a simple and rapid probing method of measuring backfat thickness 
of live pigs. Four measurements were taken. Pigs were from single and three breed crosses. 
Four pigs from each litter were fed to 215 pounds. The procedure required incisions through 
the skin about¼ inch deep and½ inch long. These incisions made at 3 sites: .1 ½ inches off 
midline immediately behind the shoulder, in the middle of the back, and in the middle of the 
loin. The fourth site was in the middle of the loin exactly over the midline of the body. A 
narrow metal ruler with a blunt end was used to measure subcutaneous fat by pressing the 
probe through the soft fat to the firm muscle tissue beneath. These values were subsequently 
compared with carcass measurements taken at the first and last thoracic vertebrae, and at the 
last lumbar vertebra. Correlations of average carcass values taken with a probe behind 
shoulder was . 79; with middle of back .59; with middle of loin over longisimus muscle of 
.67; with middle of loin over the vertebrae of .73; and with average of the four live 
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measurements of .81. The live measurements were a more accurate indicator of leanness and 
carcass value than the actual carcass measurements. The correlation involving loin eye area 
and percentage primal cuts pointed in the same direction. The proposed logic for the 
difference was that the live hog measurements were from skin to muscle instead of from skin 
to vertebrae. Using the same technique but employing measurements at eight different 
locations Hazel and Kline (1953) reported the locations behind the shoulder, over the loin, 
and the top of the ham to have the greatest accuracy in assessing fatness and leanness. 
DePape and Whatley (1954) also studied the accuracy of live pig probes with 72 individuals. 
They.reported a correlation of -.67 between-percentage of primal cuts and the ·average of six 
live backfat measurements. 
Hetzer et al. (1956) reported on a study of 140 pigs of seven inbred lines used to 
analyze the relationship between various carcass measurements and live hog backfat · 
measurements taken at four weights and three locations. The Hazel and Kline (1952) probe 
technique was used on the live pigs. Three measurements were taken on each pig at each of 
four weights. The average weights the measurements were taken at were 150.6, 175.7, 199.9, 
224.1 pounds, with+ or - 0.3 lb. Variation. These measurements were taken about 1.5 inches 
off the midline of the body as follows: 1) immediately behind the shoulder 2) at the middle of 
the back and 3) at the middle of the loin. Regression computed for the three sex groups 
revealed that for each ten pound increase in live weight, backfat increased by an average of 
0.044, 0.057 and 0.042 inches in boars, barrows, and gilts, respectively. Barrows from 150 
pounds to market weight deposited significantly more fat than the gilts or boars. The intra-
sex and -line correlation between the average of the live backfat measurements and average 
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of the five carcass backfat measurements increased from 0.38 to 0.72 for measurements taken 
at 150 and 225 pounds, respectively. They revealed that live measurements have greater 
accuracy for measuring fatness than for measuring percentage preferred cuts or percentage 
lean meat in hams. 
Adams et al. (1972) utilized data.from 475 Hampshire market pigs slaughtered over a 
five year period. Six measurements were taken on the live pigs including a shoulder probe, a 
rib probe and a ham probe. These measurements were compared to the carcass values of loin 
eye area taken between the 10th and 11th rib, carcass length, and fat measurements at the level 
or 1st. rib, last rib, and last lumbar vertebra. · Probe backfat thickness and carcass backfat were 
more closely correlated with percent lean cuts of carcass weight (-.54 and -.52, respectively) 
than percent lean cuts of live weight (-.43 and -.36, respectively) or weight of lean cuts (-.26 
and -.23, respectively). Correlations of 0.43, 0.52 and 0.57 were obtained for loineye area 
with percent lean cuts of carcass weight, percent lean cuts of live weight and weight of lean 
cuts, respectively. Weight of ham was the secon~ most valuable single measurement in 
predicting differences in lean yield of live weight while loin weight accounted for the largest 
amount of variation. Ham weight was generally more closely associate~ with lean cut yield 
than were the loin or shoulder weights. The correlation between loin eye area and percent 
lean cuts of carcass weight was 0.43, a value simpar to the 0.47 reported by (Arganosa, 1968) 
' 
and within the range of 0.35 (Fredeen et al., 1964) to 0.69 (Lasley et al., 1956) that were 
previously reported. 
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Maximum and most accurate information can be obtained regarding chemical 
constituents of the body by using whole body chemical composition. But this results in 
product loss, sampling problems, and the process is very time consuming (Cross, 1982). 
In 1977, regression equations were developed to predict the percentage and/or kilograms of 
muscle in pork carcasses (Fahey et al., 1977). One of these equations which included three 
factors, hot carcass weight, tenth-rib fat depth and loin muscle area, has become the most 
' ' 
widely used method of ranking carcasses for cutability in pork carcass contests. Powell et al. 
(1983) worked on fifty-two pork carcasses to test the accuracy of the formula described in the 
National Pork Producers Council's (NPPC) Publication,-Procedures to Evaluate Market Hogs 
(1976), for prediction of fat-standardized muscle. Some of the procedures including average 
backfat thickness, carcass length, and loin eye area were measured after 24 hours of chill 
(Christian et al., 1967). Fat depth was measured¾ inch off mid-line between the 10th and 
11 th rib and percentage of muscle standardized to 10% fat content was estimated with the 
regression equation developed from the data of Fahey et al. (1977). Powell et al. (1983) 
summarized the results by stating that the NPPC prediction formula over-estimates 
percentage of fat-standardized muscle for low cutability carcasses. 
Hankins and Howe ( 1946) found that the ~hemical composition and separable 
physical components of the rib section of slaughter steers were highly associated with the 
composition of the entire carcass. Other researc~ers reported similar success 'with the 9-10-
11 rib section for beef (Cole et al., 1962; Powell and Huffman, 1973; Crouse and Dikeman, 
1974). 
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To estimate body composition with less cost, Bacon et al. (1989) followed the work 
that had been done in beef cattle utilizing the 9-10-11 rib section. They developed equations 
to predict pork carcass composition using pork loin 3-6 rib section. Correlation coefficients 
between actual and predicted percentage carcass protein, lipid and moisture were .38, .50 and 
.79 respectively. Results from this study were only moderately successful in predicting pork 
carcass composition. 
Siemens et al. (1989) derived predictive equations for estimating lean cuts, fat 
standardized lean, chemical composition, bone and value of pork carcasses. Seven dependent 
variables were utilized for the analysis and percentages of trimmed four lean cuts, fat 
' ' 
standardized lean containing 10% fat, protein, fat, moisture and bone in the five primal cuts 
and carcass value ($/100 kg) were included. Models were analyzed for both ribbed and 
unribbed carcasses. Because of the variation in the sample population and the large number 
of predictive equations presented in the paper, the equations and results are usable by both 
industry and science (Siemens et al., 1989). 
In a 1990 paper by Orcutt et al., a three-v~iable multiple linear regression equation 
containi~g the independent variables warm carcass weight, 10th rib loin muscle area and 10th 
rib fat depth was used to determine pork carcass lean weight and was found to be the most 
practical means for predicting weight of muscle standardized to 10% fat. It was suggested 
that different equations be used depending on carcass weight and that there is no need for 
separate equations for barrows and gilts. Grisdal~ et al. (1984) however, found that sex 
influenced those regression equations incorporating last rib measurements. Orcutt et al. 
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(1990) provided data that suggested prediction equations presently used by the industry over 
estimate carcass lean composition. 
Cisneros et al. (1996) conducted research to study the relationship of increased market 
weights with growth arid carcass traits in pigs. The results suggested that m~dern genotypes 
can be slaughtered at live weights up to 160 kg with limited impact on growth performance, 
commercial meat yields, or meat quality characteristics. Meat quality had a tendency to 
deteriorate with heavier slaughter weights with regards to drip loss. 
Development of Ultrasound 
Ultrasonics was first reported by Wild (1950), who stated that the ultrasonic 
technique used in a nondestructive and humane way, provides a means of quantifying muscle 
and fatty tissues in live animals. Houghton and Turlington (1992) explain how ultrasound 
works. The basic principle of ultrasound is to measure an echo rebounding from soft tissues. 
Ultrasound gets its name from the equipment that transfers electrical pulses to high-frequency 
sound waves. These waves travel into the body and are reflected differently depending on the 
tissue density they encounter. The ultrasound echo is transmitted back through the transducer 
and an image is projected onto the screen. Sound is a mechanical wave of compression and 
refraction within a medium. A sound wave can be compared to a longitudinal wave having a 
length, frequency, and velocity. 
Frequency is the number of cycles or wavelengths occurring in a given time period, 
usually one per second. Frequency is described in cycles/second or hertz (Hz). Diagnostic 
ultrasound use frequencies in a range of 2 to 10 MHz, which is far beyond the range of 
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audible sound. Because the velocity of sound in a given tissue is constant, changing the 
frequency will change the wavelength. This will~ in tum, affect the resolution and quality of 
an ultrasound image (Rantanen and Ewing, 1981; Herring and Bjomton, 1985). 
Diagnostic ultrasound is produced by transd~cers housing crystals with piezoelectric 
(pressure electric) properties. When piezoelectric crystals are deformed by pressure, 
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electricity is produced. When an electric current is applied to the crystals, they deform. This 
is the process by which ultrasound is generated and received by the transducer. When the 
sound waves are received by the transducer it pro,duces an electric current. This current is 
displayed on an oscilloscope as an image of the tissue interfaces (Rantanen and Ewing, 1981; 
Thane, 1992; Whittaker,et al., 1992). When two tissues of different density are in contact 
with one another, this creates an acoustic interface or a reflecting surface. Sound travels 
through bone at approximately 3,100 mis, through fat at 1,430 mis, and through muscle at 
1,620 mis. These different velocities cause high ~mpedance mismatches, which present tissue 
and bone boundries on the screen (Herring and Bjomton, 1985). 
Temple et al. (1956) indicated that ultrasonic fat measurements were readily obtained 
in live cattle. Other scientists reconfirmed the point that ultrasonic measurements of fat 
thickness in live pigs can be used to estimate carcass fat thickness (Lauprecht et al., 1957; 
Kliesch et al., 1957; Panier, 1957). 
In 1959, Stouffer indicated that the ultrasonic method could be used for measuring 
lean muscle and backfat. Lauprecht et al. (1957) found that fat measurements in live pigs 
· were more closely related to those from carcasses chilled in the standing position than those 
from hanging carcasses: 
13 
fu 1959, Hazel and Kline used 56 pigs of five breeds and one cross bred group as 
experimental animals for comparing probe and ultrasonic fat measurements. _These hogs 
were clipped and a commercial 30 weight motor oil was used to enhance conduction. The 
ultrasonic instrument used was the Kelvin and Hughes Mark V flaw detector.: Fat 
measurements were taken with the ruler probe and ultrasound at three standard sites: one 
immediately behind the shoulder, one in the midclle of the back, and one was _at the rear of the 
loin. The correlation between average ultrasonic probe and percent lean cuts was -.90 at a 
frequency of 2.5 mc/s and percent lean cuts were -.90 and -.76 at 1.5 mc/s. The correlation 
obtained from mechanical probe was -.89. In particular,.the ultrasonic probe of the loin with 
a 2.5 mc/s gave a high correlatio~ with percent lean. 
' Stouffer et al. (1961) used ultrasound to detect the borders of the rib-eye and the fat 
layer thickness in a cross sectional photograph. Also they tested the accuracy of this method 
in cattle and hogs. fu this 9 part study there were 327 cattle and 42 hogs that were evaluated 
with a Sperry Reflectoscope™ with a 1.0 mc/s transducer and a 35 millimeter Polaroid 
camera for recording the data on groups I though VII. A Branson Sonoray™ with a l.6mc/s 
transducer was used in the final two groups. It was concluded that the instrumentation and 
techniques available at the time of the study were not sufficiently accurate to be used as a 
commercial selection tool. Also, operator error and lack of resolution from the low frequency 
probes led to-low repeatability and correlation coefficients. Although this study did not prove 
to be effective for commercial use at the time, this research laid groundwork for what the 
beef and hog ultrasound technicians practice today. 
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Isler and Swinger ( 1968) evaluated the use of ultrasonic measures of fat depth taken 
on live pigs.in predicting carcass composition. Six fat depth readings were taken with a 
Branson Sonoray™ model 52 equipped with a 2.0 megacycle, 1.27 cm diameter transducer. 
' ' . 
Five backfat depth readings were taken 2.5 inches off midline at the 4th, 8th, lih rib sections 
and a reading ·at the 3rd , and last lumbar vertebrae. A ham fat depth measurement was also 
taken at its greatest bulge. The five ultrasonic measurement had-correlations, of -.45 to -.63 
with percent lean cuts. 12th rib and 3rd lumbar vertebrae had the highest co_rrelation. The 
ham fat measurement was correlated -.54 with percent lean cuts. The correlations of 
ultrasonic fat with percent lean cuts averaged -.55 while correlations of carcass fat with 
percent lean cuts averaged-.50. This difference was attributed to the carcass measurements 
being taken at the midline and the ultrasound measurements were taken over-the longissimus 
muscle. The correlation of carcass loin eye with lean cuts percent was 0.58 which 
corresponds closely with results of 0.52 to 0.57 reported by others (Bruner et al. (1958), 
Zobrisky et al. (1957) and Carpenter et al. (1962). 
Multiple regression formulas for predicting lean cut percent based on live and• carcass 
measures were compared. The results were that lean cut percent can be predicted on the live 
animal utilizing six ultrasonic fat measures and live weight yielding a correlation of at least 
0.8. The addition of the loin eye area carcass measurement had little effect on the accuracy of 
predicting lean cut percent. The recommended regression model for~ lean cuts= 65.4 + 
0.066 live wt. (kg) -.85 total backfat ( cm) -2.51 ~am fat ( cm) (Isler and Swinger, 1968). 
Two techniques mainly used in swine evaluation: have been the A-mode-plot and the 
B-scan techniques. The A-mode technique requires a series of stationary probe readings, 
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which are transferred to appropriate graph paper and plotted. From the plot, fat thickness and 
loin eye area may be determined. The B-scan technique involves a continuous series of 
readings as the sound transducer is guided over the animal's back. Images are recorded on 
Polaroid film, and fat thickness and loin eye area may be measured directly from the Polaroid 
print. Grilles et al. (1972) utilized the A-mode technique in a 3 part trial and concluded that 
ultrasonic and ruler probe techniques appear equal in accuracy of measuring backfat 
thickness. The use of A-mode scan machine to estimate loin eye area in the live pig proved 
to have sufficient accuracy to be used in a selecti?n program (Grilles et al., 1972). 
Fortin et al. ( 1980) studied the comparison of ultrasound and ruler measurements on 
256 warm pork carcasses. Because of the variation of ultrasonic measurements on the live 
pig, the data were often difficult to compare. They attempted to locate a consistent site over 
the back of the warm carcass where minimal variation in fat thickness exists and to compare 
the ruler and ultrasonic procedures. Measurements were taken on the mid-line, 2.5 and 5.0 
cm off the mid-line at 10 different locations per carcass. Correlation coefficients between the 
ruler and the ultrasonic measurements had results that ranged from .83 to slightly over .90 
between the 10 locations. On 8 of 10 locations the ultrasonic procedure coefficients were 
numerically lower than the ruler procedure, but the difference never exceeded 1.75%. The 
point of minimum fat thickness was located 5 cm. cranial to the last rib regardless of the 
location. Results are in agreement with those of Casteels and Verbeke (1978) who found that 
the relationship between backfat thickness and percent of lean cuts over the shoulder proved 
to be a poor indicator. But when fat measurements were taken over the gluteus medius 
muscle the relationship to lean cuts improved. This relationship was also experienced at the 
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last rib. A positive relationship between fat thickness and warm carcass weight was also 
observed. Fat thickness increases linearly with hog carcass weight. 
Meersman's (1982) reported on evaluation of ultrasonic techniques for measurement 
of backfat depth and loin area with the Scanogram Model 722™. Ultrasonkmeasurements 
of backfat at several locations, and of the longissumus muscle area, were obtained on the live 
animal at about 90 kg body weight and were compared to actual carcass measurements. The 
correlations were .74 at½ loin, .45 at the should~r and an average of .68. In this study, there 
were higher carcass correlations than found in previous work done by Isler and Swinger 
(1968) and Anderson and Wahlstrom (1969): On the contrary, Gillis (1972) reported stronger 
correlations (>.7) between ultrasonic longissimus muscle depth and carcass longissumus area. 
N aveau ( 1977) indicated correlation coefficients _of about . 7 at the midback and the loin 
region, but of only .55 at the shoulder for ultrasonic and carcass backfat and a range of .4 to 
.65 depending on location. 
Terry et al. ( 1988) studied fat measures at 9 body locations along with the longissimus 
muscle area measurement at the 10th rib. Ultrasound images were taken on the live hog and 
on the warm carcass. · The most appropriate prediction equation found was a two variable 
equation (fat thickness at the cranial tip of the gluteus medius and the longissimus muscle 
area) with a R2 of .83 and a residual standard deviation value of 1.67. This equation was 
verified on a different sample of 20 market pigs. · The actual measurements versus the 
predicted four lean cuts revealed that the prediction equation had a R2 of .63. 
In 1992, Robinson et al. studied the repeatability of operators, variation between the 
animal's left and right sides, and variations in technique. Thirty cattle by eight operators at 
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three testing sessions were used to make comparisons and to test the repeatability of 
technicians. There were differences of up to 1.3 cm squared between ribeye area tracers. The 
difference was presumed to be due to variation in tracing interpretation between technicians. 
Correlations with carcass data averaged .92 for rump fat, .90 for rib fat, and .87 for loin 
muscle area. Residual standard deviation averaged .81 mm, .88 mm, and 5.1 cm squared. 
In 1992, Gresham et al. (1992) assessed carcass composition and value by using a 
single longitudinal B-mode scan on both live pigs and carcasses; live weight, sex of pig, and 
fat depth at the 10th rib were the greatest contributors to variation. The prediction equations 
derived from this study were tested on another sample of 23 hogs and the R2 values were 
between .78 and .87 for live and carcass measurements, respectively. 
Hamlin et al. (1995) assessed carcass composition using ultrasound on 180 feedlot 
steers representing 11 sire-breed groups. Prediction equations with ultrasonic fat thickness, 
longissimus area and either weight, age, marbling or quality grade resulted in R2 values 
similar to those with only ultrasonic fat thickness, revealing the strong influence of fat on 
retail yields. These results indicated that ultrasonic predictors explained about 10% less 
variation in retail product percentage than did carcass measures. 
' 
Technique Comparisons 
In the late 1970's and early 1980's, the P2 was defined as fat thickness over the 
longissimus muscle at the head of the last rib, 6.5 cm from the dorsal mid-line (Kempster et 
al., 1979). The P2 site of measuring backfat was'considered the most effective site to 
measure fat thickness (Kemptser and Evans, 1979; Wilson, 1976). 
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A-mode and B-mode machines were studied by (McLaren et al., 1991) and found that 
the A-mode machine underestimated fat depth measures in cattle, hogs, and sheep. 
Additionally, operator variation was considerable. The B-mode machine had the highest 
correlations for fat depth. 
Cross, and Belk (1994) explained B-mode ultrasound. B-mode imaging uses 
ultrasonic signals that are digitalized, displayed, ~nd stored as an image. Digital processing 
allows for a dynamic range of acoustic signals to be mapped as image-brightness or gray-
scale pictorial data. Gray-scale levels of intensity for an image correspond with individual 
clements of a picture. The main source of image. background noise in B-scan imaging is 
speckie, which may degrade resolution by fivefold (Thane 1992). 
Kempster et al. (1979) reported on four ultrasonic machines. The Sonatest Model 
TE/6g (SN) is a simple A-mode machine that is the cheapest. The Scanogram Model 722 
(SC) incorporates a modified linear scanning tec~nique using a single ultrasonic transducer 
that is moved mechanically on a track. The sound waves are sent into the body at right angles 
to the surface. The signals reflected from the tissue interfaces are displayed on a cathode ray 
screen as a cross-sectional picture (Stouffer, 1961). The Ilis Observer™ (IL) is a modified 
linear scanner. The Danscanner™ (DN) real-time scanner utilizes an array of transducer 
elements specially shaped to fit over the pig's back. In this study, all four machines tested 
were consistent in their prediction of fat thickness at the P2. The SN and SC results on 143 
pigs gave a small advantage to the scanogram. Because of the lack of sample size in the IL 
and DN (38 and 27, respectively), the comparison study was considered preliminary. The 
• 
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results did not show a significant advantage to either one compared to the actual carcass 
measurements when prediction percentage of lean. 
Giles ( 1981) analyzed three ultrasonic machines (Sonatest TE/6™, Scanoprobe 731 TM 
and Scanogram 721 ™) and the ruler probe as techniques for estimating carcass introscope 
' and caliper measurements of P2 backfat on 96 pigs. Operator experience and restraint 
methods were also studied. The results showed the Sonatest was more precise than the 
Scanoprobe in predicting backfat depth. Operator experience improved Scanoprobe precision 
but had little effect with the Sonatest. 
· . . Fortin et al. (1984) compared the New Zealand Hennessy Grading Probe™ (GP) 
(Hennessy and Chong Ltd, Auckland, New Zealand) and the Danish Fat-O-Meter™ (FOM) 
(SFK Ltd, Hvidovre, Denmark). Measurements were made on the left side. of the carcass by 
the two probes approximately 45 minutes after slaughter. The GP emits light in the green 
spectrum (570nm) whereas the FOM emits light in the infrared spectrum (915nm). Values 
measured with the GP were recorded to the nearest 0.1mm. The FOM recorded to the nearest 
1mm. The relative precision of the two probes in predicting percentage yield varied 
according to the to the probing sites. When machines are compared at the same probing sites, 
there were little differences in the residual standard error of the prediction equation obtained. 
The longissimus muscle measurements had higher correlations than those taken at the 
shoulder. Fat thickness measurement was the major component of the prediction of 
percentage lean yield. The addition of a muscle.depth measurement taken at the same· 
probing site as the fat thickness measurement significantly reduced (P<0.01) the residual 
standard error. However, this improvement was small. Compared to results _obtained with a 
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ruler, prediction of percentage lean yield was substantially improved by automatic probe 
measurements taken to the dorsal mid-line and over the longissimus in the area cranial to and 
including the last rib. There is little difference in the precision of predicting ability between 
the two probes. 
The Hennessy Grading Probe™ and the Aloka SSD-210DXII Echo Camera™ were 
compared using the Canadian s·wine Improvement Program loin and mid-back sites (Sather, 
et al. 1991). The residual standard deviation using the Hennessy probe for prediction of 
carcass lean yield at the grade site using fat and muscle depth was 0.58. When fat and muscle 
depth were measured by the Aloka, the residual standard deviations at the mid-back, loin and 
grade sites to predict carcass lean yield were 0.41, 0.47, and 0.53, respectively. When the 
loin muscle depths were replaced with the values for loin muscle area, the R2 increased at the 
mid-back, loin and grade sites to 0.60, 0.64 and 0.59, respectively. 
The Aloka SSD-210DXIITM was then compared to the KrautkramerUSK7™ and the 
Ithaca Scanoprobe 731 C™ (Sather et al., 1991 ). Backfat depth measurements made by the 
SC, KK and AEC reduced the residual variance for lean yield by an additional 35, 43 and 
45%, respectively. The addition of muscle depth measurements to fat-depth measurements 
resulted in a small increase in R 2• When the cost of the Aloka was considered the small 
differences in prediction precision obtained did not justify the use of the Aloka at that time. 
Lean Growth Modeling 
McLaren et al. (1988) were the first study the use of serial real-time ultrasound 
measurements to predict end carcass value from post weaning to market weight. They 
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presented results that ultrasound could be useful in early selection decisions, as well as in 
selections made at market weight. Partial correlations, adjusted for sex effects, between 
ultrasound images and carcass measures were .55, .62 and .55 for backfat with carcass last 
rib, average backfat and 10th rib fat respectively, and .61 for loin eye area with carcass loin 
eye area. Multiple regression was used to examine the variation in carcass characteristics 
from the six sets of weights and ultrasound data. All adjusted R2 values were moderate to 
high for both barrows and gilts. 
Meersmann (1984), based on ultrasound measurements, concluded that there were 
major differences in growth at consistent adipose tissue sites. The fat depth and longissimus 
area measurements on the feeder pig were not highly correlated with similar measurements 
on the same animals at about 87 kg body weight or with the carcass measurements at 96 kg 
body weight. The ability to predict market weight composition at feeder pig weight could not 
be a viable option using A-mode ultrasonography. He did prove that the shoulder and loin fat 
deposition slowed the most during the final stages of maturity, whereas the adipose 
deposition over the mid-body continued linearly: According to Meersmann (1984) the, 
backfat measurements at the one-fifth body length were the greatest in depth at all ages and 
had the lowest correlations with backfat depth at other body locations. 
Smith et al. ( 1992), working with the Aloka 210 DX™, scanned a set of pigs eight 
times with three different market weights. Prediction of backfat depth using ultrasound 
measurements was more accurate for heavier market barrows and gilts, whereas longissimus 
muscle area predictions were less accurate for heavier pigs based on absolute differences 
from live to carcass measurements. The predicted growth curves were plotted over the eight 
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scan intervals starting at about 20 kg to immediately before slaughter. An equation was 
presented that could be useful for predicting 10th rib backfat thickness and longissimus 
muscle area for growing and finishing pigs when weight of the animal is known. 
Correlations between actual and ultrasound measured last-rib fat thickness, 10th rib fat 
thickness, and longissimus muscle area were .91, .63 and .53, respectively. Other researchers 
have reported a higher relationship between loin muscle area and ultrasound loin muscle area 
(Mersmann, 1982, r =.70; Busk, 1984, r = .80; McLaren et al., 1989, r = .61). 
Several growth models have been developed by university and private industry 
researchers. These models estimate daily requirements of energy, amino acids, and minerals 
needed for maintenance and growth (Stranks et al., 1988). Efficiency of lean growth models 
allows evaluation of genetic, nutritional, and management alternatives (Whittemore, 1986; de 
Lange, 1992). Swine growth models require an estimate of the commercially achievable or 
operational protein accretion rate (Moughan, 1989; de Lange, 1992; Schinkel, 1994). 
Methods to estimate whole-body protein growth rates include serial slaughter with chemical 
analysis (Whittemore et al., 1988; Schinckel, 1994) and use of serial live weight and real-
time ultrasonic measurements (Schinkel, 1994). Schinckel et al. (1996) evaluated the use of 
fat-free lean gain estimates between 20 and 120 kg live weights as economical and practical 
predictors of daily protein accretion rates for various genotypes of pigs reared in different 
environmental conditions. The results were encouraging evidence that a generalized equation 
can be used to predict daily protein accretion rates from mean fat-free lean growth data. It 
was suggested that research with additional genotype-environment populations, is needed to 
increase accuracy of the generalized equation. 
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THE COMPARISON OF ULTRASOUND AND CARCASS MEASURES 
AS.PREDICTORS OF HAM COMPOSITION 
A paper to be submitted to the ·Journal of Animal Science 
M. D. Hoge, T. J. Baas, G. H. Rouse, D. D. Draper 
Abstract 
The objective of this study was to compare ultrasound and carcass m~asures as 
predictors of ham composition. Data from six hundred twenty-four pigs representing six 
commercial genetic types in the Quality Lean Growth Modeling Project conducted by the 
National Pork Producers Council were used to develop live animal ultrasound and carcass 
measurement prediction equations for ham composition. The project included three 
replications, and four diet programs within each replication. Pigs were weighed and a cross-
sectional 10th rib scan was taken bi- or tri-weekly until pigs reached one of three designated 
market points (114, 132, 150kg). Six body scans were taken on the market weight pigs on 
their right side within five days prior to slaughter. The images were captured with the 
ALO KA 500V (Corometrics Medical Systems, Wallingford, CT) real-time ultrasonic 
machine fitted with a 12.5 cm, 3.5 Mhz linear array transducer. There were three 
longitudinal scans at the 5th, 10th and last rib. The transducer was aligned horizontal to the 
spine, 5 cm off the dorsal mid-line. A 10th rib cr~ss-sectional scan was taken perpendicular· 
to the spine between the 10th and 11th rib. A ham scan was obtained with the probe being 
placed on the transverse plane on the outside oftp.e ham approximately half the distance from 
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the tail to the hock. Upon completion of the test, pigs were transported to Quality Processors 
packing plant in Austin, MN. Fat-O-Meter™ loin and back fatdepth measurements, and 
carcass measurements for loin eye area, and back fat were taken. The hams from the right 
side of the carcass were removed and sent to Texas A&M University, College Station, Texas 
for complete physical dissection. The independent variables of the ham were: SKINW (skin 
weight), SQW (subcutaneous fat), SEAMW (seam fat), OSTW (other lean), and BONEW 
(bone). The three major muscle groups in the ham were identified as the INSIDEW (the 
semimembranosus group), KNUKLEW (the portion of lean around the knuckle joint), 
OUTSIDEW (the bicepsfemoris and semitendinosus), TOTALLNW (OSTW + INSIDEW + 
OUTSIDEW + KNUCKLEW), TOTALFTW (SQW + SEAMW), PRHTOT (TOTALLNW / 
HAMTOT * 100), and HAMTOT (ham weight). · All units were reported in kilograms. The 
dependent variables obtained from ultrasound were: U5FAT (5th rib longitudinal fat depth), 
U5LD (5th rib longitudinal loin depth), UIOFAT (10th rib longitudinal fat depth), UIOLD 
(10th rib longitudinal loin depth), ULRFAT (last rib longitudinal fat depth), ULRLD (last rib 
longitudinal loin depth), UCRIOFAT (10th rib cross-sectional fat depth), UCRIOLEA (10th 
rib loin eye area), UHAMDEPT (depth of the bicepsfemoris muscle), UHAMAREA (area of 
the biceps femoris), and UHAMFAT (fat depth over the center of the biceps femoris). · 
Models also included these covariates: ACTWT (live weight), FOMFD (Fat-O-Meter™ fat 
depth), FOMLD (Fat-O-Meter™ loin depth), ACTLRF (actual last rib fat depth), ACTIORF 
(actual 10th rib fat depth), and ACTLEA (actual loin eye area). The fixed effects of genetic 
type (1-6), diet (1-4), week of slaughter, replication (1-3), sex (1-2)., and all two-way 
interactions were tested for significance. Best results were obtained in predicting SQW, 
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OUTSIDEW, TOT ALLNW, TOT ALFfWT, HAMTOT, and PRHTOT. Fixed effects 
models for the previous independent variables ranged in R2 from .63 to .81. The results from 
this study indicate that prediction equations with live ultrasound measurements are similar to 
the Fat-O-Meter™ and to actual carcass measurements in predicting components of ham 
composition. 
Introduction 
An accurate method for estimating body composition in market and breeding swine is 
essential for determining efficiency, carcass value, and the relationship of composition to 
reproductive success (Gresham et. al., 1992). Loin muscle area measured at the tenth rib has 
been the accepted practice for quantitative evaluation of muscle composition in the live 
animal (Ragland, 1996). Numerous studies have been directed at developing an accurate,' 
noninvasive method of estimating body composition (Forrest et al., 1986; Orcutt et al., 1990; 
Cross and Whittaker, 1992; Liu and Stouffer, 1995; Cisneros et al., 1996; Brondum et al., 
1998; Brkic et al., 1998). The primary objective of this study was to compare ultrasonic 
measurements of the longissimus dorsi and the biceps femoris taken on a live hog as 
predictors of ham composition. The secondary objective was to compare the predictive 
characteristics of two measurement systems (Fat-O-Meter™ and post mortem carcass 
measurements) on ham composition. Differences between genetic type, diet program, off test 
weight, replication, sex, slaughter date, and halothane status were evaluated. Models were 
developed to incorporate ham scan data with loin scan data to estimate total lean on a live 
hog. 
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Materials and Methods 
Data utilized for this project were collected as part of the National Pork Producers 
Council Lean Growth Modeling project conducted at the Minnesota Swine Testing Station, 
New Ulm, Minnesota. The test population was obtained from individual producers and 
breeding companies, and represented six different genetic lines. The genetic types included 
high lean, low lean, high feed intake, low feed intake, good meat quality, and poor meat 
quality lines .. All pigs were tested for Halothane status using the ryanodine receptor gene 
direct test for the genotype of pigs (Fujii, 1991). This test was used to classify pigs for DNA 
status as (0) for nonmutant, (1) for monomutant,,and (2) for dimutant. The project "Yas 
conducted in three replications and ran from 1996 to 1998. Table 1 explains the distribution 
of pigs by genetic type, diet, sex, replication, and DNA stress status. 
The pigs were collected at 10 to 20 days of age on the farm and transported, 
identifi~d, weighed, vaccinated and put into hot nursery units within a 48-hour period. At 
Table 1. Distribution of pigs.by genetic type, diet, sex, 
replication, and DNA stress status (n = 624). 
Genetic Diet Sex Re12lication DNA 
Type 1 2 3 4 1 2 1 2 3 0 1 
1 25 26 21 27 48 51 24 46 29 98 1 
2 37 28 33 18 57 59 23 32 61 107 9 
3 26 29 25 15 42 53 31 33 31 94 1 
4 23 31 26 25 59 46 40 41 24 94 11 
5 16 17 20 42 60 35 26 40 29 93 2 
6 25 23 30 36 56 58 36 39 39 92 22 
Totaiu 152 154 155 163 322 302 180 231 213 578 46 
Totalb 624 624 624 624 
• Total pigs within each fixed effect 
b Total pigs in test 
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approximately 27 kg of body weight, pigs were moved to a grower unit. At 80 days of age, 
pigs were moved to the Minnesota Swine Test Station at New Ulm, Minnesota for final 
testing. To eliminate any bias, a period of adjustment was allowed before any growth data 
were collected. The finishing building was a mono-slope, partial-slatted building with a 
climate controlled curtain on one side. There were 35 pens in the building. Approximately 18 
pigs (barrows and gilts commingled) were assigned to each pen. The feed was delivered in 
an electronic feeding system (FIRE) that weighs daily feed intake and records time spent at 
the feeder and number of feeder visits in a 24 hour period by means of an electronic 
identification ear tag. The four nutrition programs had constant energy, minerals and 
vitamins within a weight range of the pigs, but offered different levels of lysine as shown in 
Table 2. Levels of dietary crude protein cause alterations in tenderness and lean composition, 
· especially when diets contain less protein (Goerl et al., 1995). 
Tylan™ was included as a growth promotant in all finisher diets. Diets were fed in 
ground form at less than 750 microns particle size. Added fat was choice white grease. Pens 
of pigs were randomly assigned to one of the four diet regimens. Pigs were randomly , 
Table 2. QLGM Nutrition Program 
Metabolized Pig Diet 
Energy Weight %Fat 1 2 3 4 
Lysine levels per diet 
1598Kcal 41-63kg 5 1.25 1.10 .95 .80 
1560 64-86kg 3 1.10 .95 .80 .65 
1501 87-109kg 0 .95 .80 .65 .50 
1502 110-132kg 0 .80 .65 .50 .35 
1502 133-150kg 0 .80 .65 .50 .35 
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assigned within genetic type, diet and sex to one of three predetermined market endpoints of 
114, 132, or 150 kg. 
Starting_ at approximately 68 kg, pigs were weighed and a cross-sectional 10th rib scan 
was taken either bi- or tri-weekly by one of two certified ultrasound technicians until pigs 
reached their pre-assigned market weight. Five to seven serial scans were taken per pig. The 
final scan of each pig was obtained within five days of slaughter. 
Pigs were restrained in a scale to facilitate collection of ultrasonic data. Images were 
taken on the right side of the pig and soybean oil was used as a couplant for. the transducer. 
The images were captured with the ALO KA 500V (Corometrics Medical Systems, 
Wallingford, CT) real-time ultrasonic machine fitted with a 12.5 cm, 3.5 Mhz linear array 
transducer. The ham scan and longitudinal scans were obtained without a guide, but for the 
10th rib cross-sectional scan, the transducer was fitted with a sound emitting transducer guide 
(Superflab, Mick Radio Nuclear Instruments, Inc., Bronx, NY) constructed to fit the natural 
contour of the pig's back. The images were digitized on-site using a personal computer 
equipped with a frame-grabber board and controlling software. The images were stored as 
digitized files for later interpretation. 
Six body scans were taken on each pig. The body scan measurements evaluated in the 
study were five of the six scans. The belly scan was not included in this study. Three 
longitudinal scans were obtained at the 5th, 10th and last rib. For these scans the transducer 
was aligned parallel to the spine, 5 cm off the dorsal mid-line. A 10th rib cross-sectional scan 
was taken perpendicular to the spine at the 10th rib. A ham scan was obtained with the probe 
being placed on the transverse plane on the outside of the ham, approximately half the 
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distance from the tail to the hock. Figure 1 demonstrates the locations of the various scans. 
Figure 2 demonstrates the location of the ham scan and figure 3 shows the shape of the biceps 
femoris in carcass form. Figure 4 is the ultrasound image of the biceps femoris and indicates 
how the image is interpreted. UHAMF AT is the subcutaneous fat layer measured from the 
outer edge of the skin to the fascia layer surrounding the ham muscle. UHAMDEP is the 
distance from the fascia to the deepest point of the bicepsfemoris. This point was used as a 
consistent reference point in both collecting and interpreting the images. UHAMAREA was 
obtained from a trace of the outline of the biceps femoris muscle. 
Figure 5 demonstrates a longitudinal longisimus dorsi image on the screen at the last rib and 
indicates how the image is interpreted. Loin depth was measured as the distance between the 
dorsal and ventral boundary of the loin muscle at a point perpendicular to the long axis of the 
muscle. The subcutaneous fat depth was measured as the distance from the outer edge of the 
skin to the fascia layer surrounding either the longissimus dorsi or the outer edge of the 
_bicepsfemoris. All linear measurements were taken to the nearest .03 cm. Digitized images 
were interpreted using Quality Evaluation and Prediction (Iowa State University, Ames, IA), 
a computer software package developed specifically to measure linear distance and area of 
digitized images. The measurements taken from the scans were: U5FAT (5th rib longitudinal 
fat depth),, U5LD (5th rib longitudinal loin depth), UIOFAT (10th rib longitudinal fat depth), 
UIOLD (10th rib longitudinal loin depth), ULRFAT (last rib longitudinal fat depth), ULRLD 
(last rib longitudinal loin depth), UCRIOFAT ,(10th rib cross-sectional fat depth), UCRlOLEA 
(10th rib loin eye area), UHAMDEPT (depth of the bicepsfemoris muscle), UHAMAREA 
(area of the biceps femoris), and UHAMFAT (fat depth over the center of the biceps 
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Figure 1. Locations that various body scans were taken on the live hog. Dorsal 
markings relate to the respective location of the 5th , 10th , and last rib. Loin measurements 
were taken longitudina1ly at these locations. 
Figure 2. Section J is the location of the ham scan. Kauffman and St. Clair. 
Porcine Myology. 1984. 
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Figure 3. A cross section of3: ham at level of section J (Figure 2). Number 4 is the biceps 
femoris. Number 77 is the semitendinosus. Numbers 61-64 is the quadriceps femoris . 
. Kauffman and St. Clair. Porcine Myology. 1984. 
femoris). UHAMAREA and UCRl0AREA were measured to the nearest .06 cm squared. 
Upon completion of the test, pigs were transported to Quality Processors packing 
plant in Austin, Minnesota, where Fat-O-Meter and carcass data were obtained. The Fat-O-
Meter™ measurements included fat depth at the 10th rib (FOMFD), and loin muscle depth at 
the 10th rib (FOMLD). Carcass measurements were collected by Iowa State University 
personnel following a 2-hour rapid chill. Standard carcass collection procedures, as outlined 
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Ultrasonic 
Image of the 
Biceps · 
·Femoris 
Figure 4. An ultrasonic image of the ham with an outline of lean area, depth of the 
subcutaneous fat layer, and depth of the biceps femoris muscle. 
in Procedures to Evaluate Market Hogs (NPPC, 1991 , 3rd ed.), were used. Actual last rib 
backfat (ACTLRF), actual 10th rib backfat, and actual loin eye area (ACTLEA) are measures 
used in this paper. 
The hams were removed from the right side of each carcass and sent to Texas. A&M 
University_, College Station, Texas for complete physical dissection. The hams were 
separated into three muscle groups ( outside, inside, and knuckle), skin, fat, and bone. The 
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Figure 5. An ultrasonic image taken of the longissimus dorsi with the depth of tl?-e 
subcutaneous fat layer and the depth of loin muscle at the last rib. 
components of the ham were: SKINW (skin weight), SQW (subcutaneous fat), SEAMW 
(seam fat), OSTW ( other lean), and BONEW (bone weight). The three major muscle groups 
in the ham were identified as the INSIDEW (the semimembranosus group), KNUKLEW (the 
portion of lean around the knuckle joint), and OUTSIDEW (the biceps femoris and 
semitendinosus). TOTALLNW (OSTW +INSIDEW + OUTSIDEW + KNUCKLEW), 
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TOTALFTWT (SQW + SEAMW), P~OT (TOTALLNW I HAMTOT * 100), and 
HAMTOT (ham weight) were calculated. 
Descriptive statistics by genetic type for all independent variables and covariates on 
the 624 pigs are summarized in Table 3. Genetic type 1 had the lowest means for all muscle 
measurements and had the highest means for all fat depth measurements. These mean 
differences hold for both ultrasound and carcass measurements. Genetic type 2 had the 
largest means for loin muscle area and for ham muscle measurements. Genetic types 4 and 5 
were similar in their loin muscle measurements, while genetic type 6 has the largest mean for 
FOMLD. Genetic type 3 had the largest mean for live weight of 132.72 kg compared to the 
overall mean for live weight of 131.37 kg. Means ofU5FAT, ULlOFAT, UCRlOFAT, and 
ULRFAT on the 624 head reveal an anterior to posterior trend on fat deposition with U5FAT 
averaging 3.59 cm compared to 2.69 cm for UlOFAT, 2.47 for UCRlOFAT, 2.29 cm for 
ULRFAT, and 1.85 cm at UHAMFAT. Means ofU5LD, UlOLD, and ULRLD reveal an 
anterior to posterior trend for fat deposition with U5LD averaging 4.66 cm compared to 5.23 
cm for UlOLD, and 5.41 cm for ULRLD. 
Stepwise regression, least squares means, standard deviations, and partial correlation 
analyses were performed (SAS, 1990b). The GLM (General Linear Model) program (SAS, 
1990b) was used to analyze three fixed effects.models that included the effects of six genetic 
types, four diets, three replications, two sexes, week of slaughter, and all two-way 
interactions. Independent variables and fixed effects that were not significant (P< .05) were 
dropped from the models. All effects were tested with the error mean square. Prediction 
equations, including the intercepts and coefficients for,each model, were completed. -
Table 3. Means and Standard Deviations of independent variable and covariates by genetic type. 
Genetic Type 1 2 3 4 5 6 
Variablec Ma SDb M SD M SD M SD M SD M SD 
ACTWT, kg 131.65 13.74 128.41 13.69 132.72 · 13.51 131.55 14.39 132.60 14.21 131.34 13.75 
CWT,kg 95.74 11.84 96.44 11.23 97.33 10.11 · 96.15 12.15 96.61 . 13.27 95.98 10.38 
U5FAT, cm 4.08 .69 3.34 .61 3.37 .72 3.63 .61 3.57 .68 3.59 .64 · 
U5LD, cm 4.71 .46 5.11 :s1 5.08 .55 4.9 .52 4.96 .53 5.17 .54 
Ul0FAT, cm 3.36 .65 2.34 .52 2.46 .67 2.73 .59 2.63 .61 2.71 .64 
UlOLD,cm 4.85 .57 5.32 .65 5.37 .52 5.08 .53 5.17 .53 5.54 .61 
ULRFAT,cm 2.89 .59 1.97 .42 2.09 .62 2.36 .56 2.21 .53 2.24 .54 
ULRLD,cm 4.90 .41 5.58 .53 5.49 .50 5.29 .50 5.32 .47 5.81 .48. 
UHAMFAT,cm 2.2 .37 1.59 .28 1.85 .44 1.93 .33 1.80 .38 1.79 .30 
UHAMAREA, cm2 51.25 5.81 57.95 5.78 54.75 6.08 53.45 5.56 55.42 6.83 56.67 6.31 
UHAMDEPT, cm 6.03 .78 6.66 .82 6.33 .72 6.27 · .. .73 6.43 .71 6.56 .73 
UCRlOFAT, cm 3.13 .69 2.09 .52 2.21 .64 2.63 .76 2.42 .65 2.43 .62 vl u, 
UCRlOLEA, cm2 36.27 4.68 44.04 6.84 42.51 7.23 40.32 6.12 40.61 5.31 44.32 5.98 
FOMFD,cm 3.29 .75 2.12 .49 2.27 .73 2.66 .68 2.33 .76 2.54 .58 
FOMLD,cm 5.03 .83 5.87 1.05 5.67 .79 5.57 .90 5.54 ·.89 6.08 .82 
ACTLRF,cm 3.71 .63 2.93 .71 2.77 .64 3.21 · .73 3.11 .72 3.37 .72 
ACTlORF, cm 3.85 .86 2.52 .67 2.52 .79 3.10 .85 2.89 .85 2.94 .86 
ACTLEA,cm2 35.96 4.76 46.12 7.79 43.74 7.25 40.88 5.87 41.29 5.56 44.63 6.13 
a Means. 
b Standard Deviation. 
c ACTWT (live weight); CWT (hot carcass weight); U5FAT (5th rib fat longitudinal fat depth; U5LD (5th rib longitudinal loin depth); Ul0FAT (10th rib 
longitudinal fat depth); Ul0LD (10th rib loin depth); ULRFAT (last rib longitudinal fat depth); ULRLD (last rib longitudinal loin depth); UHAMFAT (ham 
subcutaneous fat depth); UHAMAREA ( area of the biceps femoris ); UHAMDEPT ( depth of the biceps femoris ); UCR 1 0FA T (10th rib cross-sectional fat 
depth); UCRlOLEA (10th rib cross-sectional loin eye area); FOMFD (Fat-O-Meter® fat depth); FOMLD (Fat-O-Meter® loin depth); ACTLRF (Actual last 
rib fat); ACTl0RF (actual 10th rib fat); ACTLEA (actual loin eye area). 
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Results and Discussion 
Table 4 presents stepwise multiple regression summary statistics used to predict ham 
composition from live animal measurements. The stepwise procedure was used as an 
exploratory method to study the importance of the independent variables as predictors of ham 
composition. Independent variables included ACTWT, U5FAT, U5LD, UlOFAT, UlOLD, 
UCRlOFAT, UCRlOLEA, ULRFAT, ULRLD, UHAMDEPT, UHAMAREA, and 
UHAMFAT. Dependent variables predicted were SQW, OUTSIDEW, TOTALFTW, 
TOTALLNW, and HAMTOT. ULRFAT, ACTWT, UHAMFAT, UCRlOFAT, and 
UCRl0LEA was the order of the independent variables entered into the stepwise procedure 
when estimating the fat weights of the ham (SQW and TOTALFTW). ULRFAT explained 
51 % and 52% of the variation within the model for SQW and TOTALFTW, respectively. 
The addition of ACTWT increased the R2 to .60 and .62, respectively. The addition of 
UHAMFAT, UCRlOFAT, and UCRlOLEA increased the percentage of variation explained 
by the model from 62% to 64% for SQW and from 64% to 65% for TOTALFTW. 
UCRlOLEA, UHAMAREA, and ACTWT explained 51 % of the variation within the model 
for predicting TOTALLNW. The consecutive addition of ULRFAT, ULRLD, UHAMFAT, 
and UCRI0LEA increased the R2 to .68 for TOTALLNW. UHAMAREA was the first 
variable usedjn the model to predict OUTSIDEW with an R2 of .32. ACTWT, HAMAREA, 
ULRLD, and UCRlOLEA were the four independent variables used to predict total ham 
weight with increasing R2 values of .59, .66, .68, and .69, respectively. 
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Table 4. Summary of stepwise regression equations for predicting ham 
composition from live ultrasound measurements. 
Dependent Independent Mallow's 
Variablea Variableb R2 Cp Fvalue 
SQW 1. ULRFAT .51 179.38 576.25 
2. ACTWT .60 50.40 120.46 
3. UHAMFAT .62 13.26 38.48 
4. UCRlOFAT .63 8.67 6.54 
5. UCRlOLEA .64 3.82 6.86 
TOTALFTW 1. ULRFAT .52 214.37 552.94 
2. ACTWT .62 45.35 158.66 
3. UHAMFAT .64 7.71 39.35 
4. UCRl0FAT .65 4.19 5.53 
5. UCRlOLEA .65 4.01 2.19 
OUTSIDEW 1. UHAMAREA .32 487.70 255.57 
2. ACTWT .43 316.59 109.73 
3. ULRFAT .60 68.04 224.07 
4. ULRLD .62 43.50 24.77 
5. UHAMFAT .63 27.40 17.41 
6. UCRlOFAT .64 · 15,77 13.40 
7. UCRlOLEA .64 10.70 7.01 
TOTALLNW 1. UCRl0LEA .35 532.36 297.52 
2. UHAMAREA .46 364.97 101.64 
3. ACTWT .51 271.76 63.72 
4. ULRFAT .64 60.91 50.91 
5. ULRLD .66 29.61 31.90 
6. UHAMFAT .67 17.23 14.10 
7. UCRlOFAT .68 11.07 8.12 
HAMTOT 1. ACTWT .59 153.74 785.98 
2. UHAMAREA .66 47.28 100.23 
3. ULRLD .68 10.14 38.69 
4. UCRlOLEA .69 5.35 6.78 
a SQW (subcutaneous fat); TOTALFTW (seam fat+ SQW); OUTSIDEW (the bicepsfemoris and 
semitendinosus); TOTALLNW (lean weight of ham); HAMTOT (ham weight); 
b ULRFAT (last rib longitudinal fat depth); ACTWT (live weight); UHAMFAT (ham subcutaneous fat depth); 
UCRIOFAT (10th rib cross-sectional fat depth); UCRIOLEA (10th rib cross-sectional loin eye area); · 
UHAMAREA (area of the biceps femoris); ULRLD (last rib longitudinal loin depth);. 
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Several researchers have developed equations for predicting weight and percentage of 
retail product using carcass and live animal measurements (Murphy et.al., 1960; Cross et al., 
1973; Orcutt et. al., 1990; Gresham et al., 1992; Liu and Stouffer, 1995; Greiner et. al., 1997; 
Williams et al., 1997). Multiple regression equations for predicting ham composition from 
ultrasonic measurements from Model [1] are presented in Table 5. Model [1] is a fixed 
effects model that includes the class variables of genetic type, diet, sex, replication, and week 
of slaughter and the independent variables of ACTWT, ULRFAT, ULRLD, UHAMFAT, 
UHAMAREA, UCRlOFAT, and UCRlOLEA. SQW, OUTSIDEW, TOTALLNW, 
TOTALFTW, and HAMTOT had the largest·R2 values of .69, .71, .73, .70, and .73, 
respectively. 
Previous research has documented significant differences in carcass composition 
between genotype and sex. It has been reported that gilts are leaner, have less backfat than 
barrows, and have more lean in the primal cuts (Bereskin et al., 1976; Christian et al., 1980; 
Gresham et al., 1994). The least squares means and standard errors for the main effects of 
genetic type and sex for Model [1] are presented in Table 6. The differences in mean 
performance among the levels of fixed effects for genotype 1 reflect the most statistical 
differences (P< .05) effecting ham composition. Genotype 1 had the lowest mean value for 
TOT ALLNW and the highest mean value for TOT ALFTW. Genotype 2 had the lowest mean 
values for fat measurements and the largest means for lean weight and ham weight. Genetic 
type 2 appears to have over a 2% advantage in the mean lean percentage in the ham. The 
mean differences hold true for both independent (Table 3) and dependent variables {Table 6). 
There seems to be very little statistical difference between sexes. Barrows had more 
Table 5. Prediction equations for ham composition based on Model [1] utilizing ACTWT, 
ULRFAT, ULRLD, UHAMFAT, UHAMAREA, UCRlOFAT, 
UCRlOLEA, and the fixed effects of genetic type, 
diet, sex, replication and week (n=624). 
Intercept ACTWT ULR ULRLD URAM· URAM UCRlO UCRlO Model 
Variableab FAT FAT AREA FAT LEA c.v. RMSE [1] 
k~ cm cm cm cm2 cm cm2 R2 
SKINWkg .2894 .0017 -.0189 .0156 -.0119 .0015 .0099 -.0001 32.40 .16 .29 
SQWkg -1.7969 .0181 .2992 .0462 .3067 .0017 .1160 -.0121 18.48 .39 .69 
SEAMWkg -.1046 .0032 -.0093 .0144 .0899 -.0012 .0109 .0001 43.55 .18 .28 
OSTWkg .. 2333 .0071 -.0698 .0906 -.0129 .0089 -.5601 .0042 14.11 .28 .40 
BONEWkg .4185 .0071 -.0458 -.0193 -.0066 .0008 -.0243 .0013 11.34 .13 .36 
INSIDEWkg .0357 .0086 -.0896 .0690 -.394 .0071 -.0315 .0017 10.14 .17 .65 l.,.) \0 
OUTSIDEWkg -.1498 .0121 -.1052 .0568 -.0064 .0129 -.0767 .0039 8.41 .18 .71 
KNUKLEWkg .2345 .0060 -.0723 .0238 -.0707 .0040 -.0081 .0039 9.97 .12 .55 
TOTALLNWkg .3537 .0339 -.3371 .2404 -.1875 .0330 -.1725 .0139 7.43 .53 .73 
TOTALFTWkg -1.719 .0211 .2898 .0607 .3966 .0005 .1270 -.0120 17.23 .44 .70 
RAMTOTkg -.6576 .0639 -.1121 .2975 .1905 .0359 -.0598 .0030 6.28 .71 .73 
PRRTOT% 70.5026 -.0596 -2.2392 .3071 -2.5399 .0940 -1.1775 .1121 5.26 3.32 .68 
a ACTWT (live weight); ULRFAT (last rib longitudinal fat depth); ULRLD (last rib longitudinal loin depth); URAMFAT (ham subcutaneous fat depth); 
URAMAREA (area of the bicepsfemoris); UCRlOFAT (10th rib cross-sectional fat depth); UCRlOLEA (10th rib cross-sectional loin eye area); . 
b SKINW (ham skin); SQW (subcutaneous fat); SEAMW (seam fat); OSTW (other lean); BONEW (bone); INSIDEW (the semimembranosus group); 
OUTSIDEW (the biceps femoris and semitendinosus); KNUKLEW (the portion of lean around the knuckle joint); TOTALLNW (lean weight of ham); 
TOTALFTW (SEAMW + SQW); RAMTOT (ham weight); PRRTOT (percentage lean of ham). 
Table 6. Least squares means and standard errors by genetic type and sex for 
carcass traits estimated from Model [ 1]. 
SKINWd SQW SEAM OSTW BONE INSIDE OUT KNUKLE TOTAL TOTAL HAM PRCH 
Genetic w w w SIDEW w LNW FIW TOT TOT 
Tlee ks ks ks ks ks ks ks ks kS kS ks % 
1 .547c 2.291b .346a 1.976 1.178 1.534a 2.162a 1.224a 6.898a 2.638c 11.2626 61.08a 
±.021 ±.052 ±.023 ±.038 ±.018 ±.022 ±.024 ±.016 ±.071 ±.058 ±.095 ±.44 
2 .510b 2.085a .410 2.072 1.176 1.778c 2.304b 1.239a 7.395c 2.495a 11.573c 64.02c 
±.017 ±.042 ±.091' ±.031 ±.014 ±.018 ±.020 ±.013 ±.057 ±.047 ±.077 ±.35 
3 .488b 2.222b .350 2.056 1.18 1.672b 2.295b 1.313b 7.338c 2.573b 11.581c 63.41c 
±.018 ±.044 ±.020 ±.032 ±.015 · ±.019 ±.021 ±.014 ±.060 ±.049 ±.081 ±.38 
4 .468b 2.183b .412 2.055 1.216 1.691 b 2.170a 1.246a, 7.165b 2.595b 11.445b 62.73b 
±.017 ±.043 ±.019 ±.031 ±.014 ±.018 ±.020 ±.013: ±.058 ±.048 ±.078 ±.36 .j::. 
0 
5 .370a 2.063a .420 1.945 1.185 1.645b 2.207" 1.225" 7.023b 2.483" 11.063" 63.68c 
±.018 ±.045 ±.020 ±.032 ±.015 ±.019 ±.021 ±.014 ±.061 ±.050 ±.081 ±.38' 
6 .538c 2.104" .415 2.069 1.178 1.760c 2.157" 1.240b. 7.227c 2.520b 11.464b 63.20c 
±.017 ±.043 ±.019 ±.031 ±.014 ±.018 ±.020 ±.013 ±.058 ±.048 ±.078 ±.36 
Sex 
1 .492 2.184 .404 2.045 1.203b 1.675 2.226 1.244 7.192 2.588 11.477b 62.70 
±.010 ±.026 ±.011 ±.019 ±.008 ±.011 ±.012 ±.008 ±.035 ±.029 ±.047 ±.22 
2 .480 2.132 .381 2.013 1.168" 1.685 2.205 1.251 7.157 2.513 11.319" 63.34 
±.010 ±.026 ±.011 ±.019 ±.009 ±.011 ±.012 ±.008 ±.035 ±.029 ±.047 ±.22 
Means with different superscripts are statistically different (P< .05). 
d SKINW (ham skin); SQW (subcutaneous fat); SEAMW (seam fat); OSTW (other lean); BONEW (bone); INSIDEW (the semimembranosus group); 
KNUKLEW (the portion of lean around the knuckle joint); OUTSIDEW (the biceps femoris and semitendinosus); TOTALLNW (lean weight of ham); 
TOTALFTW (SEAMW + SQW); HAMTOT (ham weight); PRHTOT (percentage lean of ham). 
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BONEW and HAMTOT. The remaining dependent variables were not statistically different. 
This is not in agreement with the previous findings of Bereskin et al. (1976), Christian et al. 
(1980), and Gresham et al. (1994). 
Table 7 presents the results from Model [2] including the class variables of genetic 
type, diet, sex, replication, and week of slaughter and the independent variables of CWT, 
FOMFD, and FOMLD. Table 8 presents the results from Model [3] including the class 
variables of genetic type, diet, sex, replication, and week of slaughter and the independent 
variables of CWT, ACTLRF, ACTlORF, and ACTLEA. Tables 7 and 8 include the intercepts 
and the parameter estimates necessary to predict the dependent variables. Model [2] used 
398 observations because Fat-O-Meter data were not collected on all 624 pigs. The R2 values 
for Models [2] and [3] are very similar to those in Model [1]. Prediction of SQW seemed to 
be more precise with R2 values ranging from .66 to .69 and RMSE values from .37 to .39 for 
the three models. When SEAMW and SQW were combined to form the dependent variable 
TOTALFTW, R2 values were virtually the same with a range of .63 to .70 across the models. 
OUTSIDEW, TOTALLNW, and HAMTOT have R2 values of .71, .73, and .80, respectively 
for Model [2] and .73, .78, and .81, respectively for Model [3]. 
Model [1] had the lowest R2 values for SKINW and SEAMW of .29 and .28. Models 
[2] and [3] had higher R2 values of .47 and .48 for SKINW and .41 and .38 for SEAMW, 
respectively. This difference could be explained by using live weight for Model [l] and 
carcass weight for Models [2] and [3]. Carcass weight acts as a percentage of live weight 
after non carcass material has been removed. This could explain the difference in R2 values. 
OSTW and BONEW were similar in the amount of variation explained by the models with 
42 
Table 7. Prediction equations for ham composition based on Model [2] 
utilizing CWT, FOMFD, FOMLD, and the fixed effects of genetic 
type, diet, sex, replication and week of slaughter(n = 398). 
Variableab InterceEt CWT FOMFD FOMLD c.v. RMSE· R2 
SKINW .3962 .0024 -.0081 .0041 19.39 .10 .47 
SQW -1.1947 .0235 .3999 -.0374 18.29 .38 .66 
SEAMW .1348 .0038 -.0073 -.0109 43.01 .16 .41 
OSTW 1.4098 .0078 -.0938 .0443 13.50 .27 .46 
BONEW .6692 .0093 -.0678 -.0310 11.63 .13 .37 
INSIDEW .6048 .0142 -.1295 .0077 10.30 .17 .64 
OUTSIDEW .5898 .0185 -.1918 .0293 8.45 .18 .71 
KNUKLEW .5761 .0083 -.1017 .0014 10.59 .13 .53 
TOTALLNW 3.1806 .0489 -.5170 .0956 7.35 .52 .73 
TOTALFTW -1.0598 .0273 .3925 -.0484 17.53 .34 .66 
HAMTOT 3.1863 .0880 -:2004 .0202 5.41 .61 .80 
PRHTOT 73.1493 -.0511 -3.4815 .7183 5.31 3.37 .63 
a SKINW (Skin Weight); SQW (subcutaneous fat); SEAMW (seam fat); OSTW (other lean); BONEW (bone 
weight); INSIDEW (the semimembranosus group); KNUKLEW (the portion of lean around the knuckle joint); 
OUTSIDEW (the biceps femorisand semitendinosus); TOTALLNW (lean weight of ham); TOTALFfW 
(SEAMW + SQW); PRHTOT (percentage lean of ham); HAMTOT (ham weight); PRHTOT (percentage lean of 
ham). 
b CWT (carcass weight); FOMFD (Fat-O-Meter® fat depth); FOMLD (Fat-O-Meter® loin depth). 
R2 values ranging from .40 to .51 and .36 to .38, respectively. The models had the least 
precision in predicting the independent variables of SKINW, SEAMW, OSTW, and 
BONEW. 
OUTSIDEW produced the highest R2 values (R2= .71 to .73) when compared to 
INSIDEW (R2 = .64 to .68) and KNUKLEW (R2 = .53 to .58). This could be explained for 
Model [1] because the bicepsfemoris was the muscle measured with ultrasound. When 
Models [2] and [3] had similar reports it can be concluded that the largest muscle in the ham 
(biceps femoris) accounts for the most variation in the models. 
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Table 8. Prediction equations for carcass ham composition based on Model [3] 
utilizing CWT, ACTLRF,ACTlORF, ACTLEA, and the fixed effects 
of genetic type, diet, sex, replication, and week of slaughter (n = 624). 
Variable Interceet CWT ACTLRF ACTl0RF ACTLEA C.V. RMSE 
SKINW .3700 .0023 -.0039 -.0016 .0011 19.34 .10 
SQW -.4119 .0296 .1994 .0821 -.0288 17.65 .37 
SEAMW .1229 .0035 .0450 -.0087 -.0029 43.62 .16 
OSTW .9119 .0100 -.0774 -.0619 .0139 12.98 .26 
BONEW .5388 .0095 -.0190 -.0435 -.0014 11.59 .13 
INSIDEW .1344 .0124 -.0257 -.0571 .0117 10.01 .16 
OUTSIDEW .1572 .0206 -.0673 -.1218 .0091 8.41 .19 
KNUKLEW .2944 .0091 -.0013 -.0829 .0053 10.01 .12 
TOTALLNW 1.4981 .0522 -.1719 -.3238 .0401 6.82 .48 
TOTALFfW . -.2890 .0331 .2445 .0734 -.0318 16.79 .41 
HAMTOT 1.7494 .0648 .0249 .0315 .0326 5.27 .59 
PRHTOT 64.3877 -.0740 -1.8574 -1.1778 .3063 4.94 3.12 
R2 
.48 
.68 
.38. 
.51 
.38 
.68 
.73 
.58 
.78 
.69 
.81 
.68 
a ·sKINW (Skin Weight); SQW (subcutaneous fat); SBAMW (seam fat); OSTW (other lean); BONEW (bone 
weight); INSIDEW (the semimembranosus group); KNUKLEW (the portion of lean around the knuckle joint); 
OUTSIDEW(the bicepsfemoris and semitendinosus); TOTALLNW (lean weight of ham); TOTALFfW 
(SEAMW + SQW); PRHTOT (percentage lean of ham); HAMTOT (ham weight); PRHTOT (percentage lean of 
ham). 
b CWT (carcass weight); ACTLRF (actual last rib fat); ACTlORF (actual 10th rib fat); ACTLEA (actual loin 
eye area). 
Partial correlations for ultrasound with ham carcass measurements are given in Table 
9 accounting for the effects of genetic type, diet, sex, replication, and week. Live weight was 
generally positively correlated with all variables. However, fat measurements estimated by 
ultrasound frequently yielded higher positive correlations than did measurements of muscle 
estimated by ultrasound. OUTSIDEW had the highest association with ACTW, 
UHAMAREA, UCRlOLEA, and ULRLD (.39, .48, .34, and .29 respectively). ACTWT, 
UHAMAREW, UCRlOLEA, and ULRLD also yielded the highest positive correlations with 
TOTALLNW with R. of .40, .45, .40, and .34, respectively. Live weight and all fat 
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Table 9. Partial correlation coefficients for ultrasound with ham carcass 
measurements, accounting for the effects of genetic 
type, diet, sex, replication and week. 
Variable"b ACTWT SQW OUTSIDEW TOTALLNW TOTALFfW HAMTOT 
ACTWT 1.00* .54* .39* .40* .54* .68* 
U5FAT .43* .48* -.11 -.09 .48* .22* 
U5LD .22* .08 .23 .26* .08 .25* 
Ul0FAT .46* .57* -.17* -.15* .56* .22* 
Ul0LD .20* .08 .26* .29* .09 .28* 
ULRFAT .45* .60* -.18* -.19* .59* .21 * 
ULRLD .18* .05 .29* .34* .05 .28* 
UHAMFAT .29* .47* -.14 -.14 .49* .20* 
UHAMAREA .19* -.02 .48* .45* -.03 .33* 
UHAMDEPT .15* .01 .32* .31* -.01 .25* 
UCRl0FAT .41* .51 * -.17* -.14* .50* .19* 
UCRlOLEA .27* -.01 .34* .40* -.01 .31 * 
* p <.01. 
• ACTWT (live weight); SQW (subcutaneous fat weight); OUTSIDEW (weight of biceps femoris and 
semitendinosus); TOTALLNW (lean weight of ham); TOTALFfW (weight of seam fat and SQW); HAMTOT 
(ham weight). . 
b U5FAT (5th rib longitudinal fat depth); U5LD (5th rib longitudinal loin depth); Ul0FAT (10th rib longitudinal 
fat depth); UlOLD (10th rib longitudinal loin depth); ULRFAT (last rib longitudinal fat depth); ULRLD (last rib 
longitudinal loin depth); UHAMFAT (ham subcutaneous fat depth); UHAMAREA (area of the bicepsfemoris); 
UHAMDEPT (depth of the bicepsfemoris); UCRlOFAT (10th rib cross-sectional fat depth); UCRlOLEA (cross-
sectional loin eye area). 
measurements were positively associated with total fat weight of the ham and yielded a range 
of partial c~rrelation coefficients from .48 to .59. Total ham weight yielded the highest 
association with live weight (R2 = .68). This coefficient seemed to be somewhat higher than 
all other coefficients regarding HAMTOT. 
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Implications 
Best results were obtained in predicting SQW, OUTSIDEW, TOTALLNW, 
TOT ALFTWT, HAMTOT, and PRHTOT. Fixed effects models for the previous 
independent variables ranged in R2 from .63 to .81. The results from this study indicate that 
prediction equations with live ultrasound measurements are similar to Fat-O-Meter™ and 
actual carcass measurements in predicting components of ham composition. Measurements at 
the last rib are better predictors ham composition than longitudinal measurements taken at the 
5th rib or at the 10th rib. Live weight was also proven to have a significant influence on ham 
composition. The results of this study also-indicate that scanning the ham has a relatively 
high relationship to estimating ham composition. 
The last rib longitudinal, 10th rib cross-sectional, and ham scans can be used to 
estimate ham composition. Model [1] could be incorporated in a commercial situation with 
acceptable accuracy and not increase the time of data collection significantly or add undue 
stress to the hog. 
There has been work reported on using real-time ultrasound to predict ham 
composition on the live hog. This work should be considered preliminary and further 
research should be conducted. The technique utilized to locate the ideal position on the ham 
merits more research. There are few physical landmarks to palpate on the ham. Therefore, 
the image on the screen was the best indicator of a consistent position from pig to pig. 
The use of a longer transducer needs to be evaluated. If a longer probe could be used, 
the area of the biceps femoris could possibly be fit more easily on the screen. Interpretation 
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would be even more consistent, due to the fact that there would be no ends of the biceps 
femoris cut off on the monitor. 
Various restraint methods also need to be explored. How the hog is standing in the 
scales can alter the quality of the image. 
Carcass measurements may be influenced by changes occurring during the chilling · 
process (Houghton and Turlington, 1992). Muscles and subcutaneous fat take on different 
positions from those observed in a normal live standing animal due to the shackling and 
subsequent hanging of the carcass. The differences in muscle extension and/or flexing may 
have .some effect on the differences that are· observed between ultrasound on the live hog and 
actual carcass measurements (Turlington, 1990). There may be a need to compare ham scans 
on the live pig and ham scans on a carcass to see how the Biceps femoris changes in shape 
and size from the live pig to the carcass. 
The long term impact could be a method of selecting for hogs with a greater 
percentage of ham as it relates to total lean content in the market hog. 
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GENERAL SUMMARY 
The results from this study indicate that prediction equations with live ultrasound 
measurements are similar to Fat-O-Meter® and actual carcass measurements in predicting 
components of ham composition. Measurements at the last rib are better predictors of ham 
composition than longitudinal measurements taken at the 5th rib or at the 10th rib. Live 
weight was also proven to have a significant influence on ham composition. The results of 
this study indicate that scanning the ham has a relatively high relationship to estimating ham 
composition. By combining live weight with three body scans (10th rib cross-sectional, last 
rib-longitudinal, and ham scan), subcutaneous ham fat weight, total ham lean weight, total 
ham fat weight, and total ham weight can be predicted. 
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